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Small bowel T cells, HLA class II antigen DR, and GroEL central morphological characteristic. Clinical outcome
stress protein in IgA nephropathy. and exacerbations of the disease are often preceded by
Background. Previous studies suggest that intestinal mucosa mucosal infections. There is evidence that intestinal mor-may be involved in the pathogenesis of IgA nephropathy
phology is normal [2, 3], but instead, an increase in per-(IgAN). To further clarify this involvement, we investigated
meability has been described [4, 5]. A flaw in the muco-whether or not IgAN patients have small bowel mucosal find-
ings suggestive of inflammation and stress. sal barrier can enhance antigen access to the immune
Methods. Seventeen patients with IgAN underwent gastro- system.
scopic examination. Fresh small bowel biopsy specimens were Recognition of antigens by lymphocytes occurs throughfrozen, and in cryosections, the proportion of ab and gd recep-
the T-cell receptors (TCR) associated with CD3 com-tors bearing T cells and CD31 T cells were quantitated immu-
plex; CD31 cells comprise ab and gd TCR-bearingnohistochemically. The expression of HLA class II antigen DR
(HLA-DR) and human GroEL stress-protein homologue was T-lymphocytes. The function of ab T cells is rather well
similarly quantitated. In an avidin-biotin peroxidase technique, established, but the role of gd T cells remains more
the following monoclonal primary antibodies were used:
speculative [6, 7]. In peripheral blood, gd T cells consti-anti–b-chain (bF1), anti–d-chain (TCRd1), anti-CD3 (Leu4),
tute a small fraction of CD31 cells, but in the intestinalanti-constant fragment of HLA-DR (L243), and anti-GroEL
(ML30). Twenty-nine patients who had undergone gastroscopy mucosa, they are more abundant [6]. In IgAN, the
because of dyspepsia served as controls. amount of intestinal gd T cells remains unconfirmed, but
Results. In all specimens, the mucosal architecture was nor- an increase has been described in the renal tissue and
mal. The amount of gd T cells and the total amount of T
blood [8, 9].cells, as indicated by CD31 positivity, were both significantly
Intestinal immune responsiveness is reflected by the ex-increased in IgAN. The number of ab T cells was also higher
in the IgAN patients. Villous epithelium of the IgAN patients pression of HLA class II molecules [10]. In the cytoplasm
disclosed a significant increase in the expression of HLA-DR of enterocytes, HLA class II antigen DR (HLA-DR) is
antigen and GroEL stress protein. normally present in small amounts [11]. An increase hasConclusions. Our results suggest that ongoing small bowel
been described in a variety of inflammatory diseases [10,inflammation and stress are present in IgAN. Despite normal
12], but no reports have been published on IgAN.morphology, there is reason to believe that the small bowel
mucosa is involved in the pathogenesis of IgAN. Many stimuli that up-regulate immune responses also
up-regulate stress proteins [13]. GroEL-type heat shock
proteins (hsp) have been classified as stress proteins de-
IgA nephropathy (IgAN) has become the most com- spite their essential role in nonstress conditions as well
mon glomerulonephritis worldwide [1]. The disease is [14]. The intestinal expression of hsp in IgAN is un-
characterized by microscopic or visible hematuria, in- known, whereas a strong expression has been shown to
creased urinary protein excretion, and a rise in serum occur in gastrointestinal disorders such as celiac disease
IgA. In the kidney, glomerular deposition of IgA is a (CD) [15].
Existing evidence suggests that the intestinal mucosa
is involved in the pathogenesis of IgAN. Dietary antigensKey words: intestinal mucosa, IgAN, small bowel inflammation, hema-
turia, urinary protein excretion. have evolved elevated immune responses [16–18], and
experimental IgAN can be induced by the dietary admin-Received for publication June 23, 1998
istration of gliadin and gluten [19, 20]. In addition toand in revised form December 8, 1998
Accepted for publication January 14, 1999 dietary antigens, several microbes have also been con-
nected to the disease [18, 21, 22]. Although the role 1999 by the International Society of Nephrology
2274
Rantala et al: Small bowel T cells, HLA-DR, and stress protein 2275
Table 1. Clinical and laboratory findings of IgA nephropathy patients at the time of renal biopsy
Serum creatinine Proteinuria Systemic
Patient Sex/age lmol/liter g/24 hr Hypertensiona findingsb
1 F/46 81 0.18 Yes No
2 M/41 102 0.92 No No
3 M/38 92 0.28 No No
4 F/27 71 2.25 No 1
5 M/31 772 — Yes No
6 M/20 102 0.23 No No
7 M/41 92 0.15 No No
8 F/56 100 0.38 Yes 1
9 M/21 86 0.79 No 1
10 F/24 57 0.14 No No
11 M/44 87 0.15 No No
12 M/21 87 0.17 Yes 2
13 F/60 116 7.18 Yes No
14 M/41 117 1.05 Yes No
15 M/43 76 0.92 No No
16 M/41 229 4.30 Yes No
17 M/62 114 2.20 Yes 2
a Definition of hypertension: blood pressure . 140/90 mm Hg or antihypertensive medication in use
b Systemic findings: 1 5 purpuric rash, 2 5 purpuric rash and abdominal symptoms
of exogenous antigens has remained unconfirmed, we Controls comprised small bowel biopsy specimens of
assumed that small bowel mucosal findings, compatible 29 patients undergoing gastroscopy because of dyspep-
with inflammation, might be present in patients with sia. The controls had no CD or IgAN, and their small
IgAN. To test this hypothesis, we investigated mucosal bowel mucosa was macroscopically and microscopically
villous structure and quantitated immunohistochemi- normal.
cally intraepithelial CD31, ab, and gd T cells in small The study protocol was approved by the ethical com-
bowel biopsy specimens of 17 IgAN patients. By immu- mittee of the Tampere University Hospital.
nohistochemical staining of HLA-DR antigen and hu-
Biopsy specimensman GroEL hsp homologue, we further established
whether IgAN patients have small bowel mucosal find- Renal biopsy specimens were initially studied (J.M.)
ings suggesting inflammation and stress. by routine techniques. Using immunofluorescence mi-
croscopy, the presence of IgG, IgA, IgM, complement
(C1q and C3), fibrinogen, kappa-chain, lambda-chain,METHODS
and albumin were investigated. Polyclonal fluoresceinPatients and controls
isothiocyanate-conjugated antibodies were obtained
The IgAN patients included 12 males and 5 females from Dako a/s (Glostrup, Denmark).
aged from 20 to 62 (mean 37) years. The definition of Small bowel biopsy was carried out with an upper
IgAN was based on clinical details and on the presence endoscopic examination. Six specimens were taken from
of glomerular IgA as the sole or predominant immuno-
the distal part of the duodenum, three for routine mor-
fluorescence finding [23]. Seven of the patients disclosed
phologic studies and three for immunohistochemicalonly IgA and C3. The others also had additional immu-
staining. Fresh biopsy specimens were embedded in OCTnofluorescence findings in glomeruli.
compound (Miles Inc., Elkhart, IN, USA) and frozen inClinical and laboratory findings of the patients at the
liquid nitrogen. The frozen specimens were stored attime of renal biopsy are shown in Table 1. At that time,
2708C for later use.all patients had clinical nephritis, that is, proteinuria and
microscopic hematuria, and the blood pressure was ele- Antibodies
vated in eight. Five patients had purpuric rash, and two
For immunohistochemistry, monoclonal antibodiesof them also had abdominal symptoms; their clinical
(mAbs) diluted in phosphate-buffered saline (PBS; pHpicture thus suggested Henoch-Scho¨nlein syndrome, but
7.4) were used.no one had arthritis. Gastroscopic examination and small
T cells were localized using mAb TCR d1 (1:70; T Cellbowel biopsy were performed within one year of the
Diagnostics, Woburn, MA, USA), which recognizes therenal biopsy. At that time, no patient suffered from clini-
constant region of the TCR d chain and all gd-positivecal systemic symptoms of Henoch-Scho¨nlein mentioned
cells, mAb bF1 (1:80; T Cell Diagnostics), which reactsin Table 1, and no patient received corticosteroids or
immunosuppressive drugs. with ab TCR molecules, and mAb Leu4 (1:15; Becton
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Dickinson, San Jose, CA, USA), which recognizes CD31
T cells.
HLA-DR expression was indicated by mAb L243
(1:1500; Becton Dickinson), which binds to the constant
fragment of HLA-DR.
Hsp was demonstrated by mAb ML30 (1:4000; kindly
provided by Professor J. Ivanyi, Hammersmith Hospital,
London, UK). This antibody recognizes hsp of mycobact-
eria and the GroEL homologue in different human tis-
sues [24].
Immunohistochemistry
For the demonstration of lymphocytes and HLA-DR,
5 mm cryostat sections were fixed in acetone for 10 min-
utes and then in chloroform for 30 minutes. The sections
were washed in PBS and were incubated in primary
Fig. 1. (A) Immunoperoxidase demonstration of gd T cells in small
mAbs for one hour. Monoclonal antibodies were re- bowel villous epithelium (arrows). (B) In a control patient, one gd
T cell is present in the lamina propria (arrow). In an intraepithelialvealed with the avidin-biotin peroxidase technique (Vec-
lymphocyte, there is no staining for gd T cell receptors (TCR; smalltastain Elite ABC kit; Vector Laboratories, Burlingame,
arrow; magnification 3600).
CA, USA) using aminoethyl carbazole as chromogen.
Endogenous peroxidase activity was inhibited for 30
minutes after biotinylated secondary antibodies with
0.5% H2O2 in methanol. Counterstaining was done with the whole epithelial lining of the specimens was analyzed.
Harris’ hematoxylin. The results were graded from 0 to 6 on a basis similar
To stain hsp, the frozen small bowel biopsy specimens to that of HLA-DR staining.
were cut at 5 mm and fixed in absolute acetone for 10
minutes. The sections were then washed and incubated Intraobserver and interobserver variation
overnight with mAb ML30. Endogenous peroxidase was The immunohistochemical stainings were performed
blocked for 30 minutes using 0.3% H2O2 in methanol. and evaluated (I.R., K.H., H.K.) in our CD laboratory,
Primary monoclonal antibodies were localized using avi- where the quality control of small bowel biopsy speci-
din-biotin peroxidase technique (Vectastain Elite ABC mens is routinely carried out. The intraobserver variation
kit). Peroxidase reaction was visualized using diamino- of CD31-positive cells and HLA-DR expression was last
benzidine. Counterstaining was performed with Harris’ investigated from 29 biopsy specimens, the interobserver
hematoxylin. variation was investigated from 35 specimens, and the
The specificity of immunohistochemistry was con-
intraobserver variation of hsp was investigated from 81
trolled by the omission of the primary antibodies and
biopsy specimens.by the use of irrelevant antisera instead of the specific
The coefficients for intraobserver variation of CD31,primary antibodies.
ab, and gd T cells were 0.95, 0.85 and 0.98, respectively.
The respective interobserver variation coefficients wereMicroscopy
0.92, 0.82, and 0.98, respectively. The intraobserver esti-Intraepithelial T-cell subsets were counted with a cali-
mations of small bowel HLA-DR expression were simi-brated graticule at a magnification of 31000. At least 30
lar in 86%, and the interobserver estimations were simi-high-power fields were investigated. Cell counts were
lar in 91% of these studies. The intraobserver estimationexpressed as a number of cells per 1 mm epithelium.
of hsp staining was similar in 88%.HLA-DR staining of lamina propria and epithelium
in the villous and crypt areas was analyzed at a magnifi-
Statistical analysiscation of 31000. Expression in epithelial cell cytoplasm
Statistical analysis of the exact cell counts employedand along the basolateral cell membranes was separately
two-tailed t-test for unpaired groups. Scored data wereinvestigated. All of the epithelial linings of each speci-
analyzed by the Mann–Whitney test. Associations be-men were investigated. Because the staining intensity
tween variables were evaluated using Spearman’s corre-varied along the epithelium, the evaluation was based
lation coefficient. GraphPad PRISM statistical softwareon the mean intensity of areas with the strongest staining.
package (GraphPad Software Inc., San Diego, CA, USA)The results were graded from 0 (negative) to 6 (strong).
was used to compile all descriptive data and to performHeat shock protein in epithelial cells was separately
analyzed in the villi and the crypts. The staining along statistical analyses.
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Fig. 2. Intraepithelial lymphocyte counts in
the small bowel mucosa. Medians are indi-
cated by horizontal lines.
0.072). The lymphocyte counts are compared in Fig-
ure 2).
HLA-DR expression along the basolateral surfaces of
epithelial cells was significantly increased in the patient
samples (P 5 0.005; Figs. 3 and 4). Epithelial cell cyto-
plasm also showed more intense staining than in the
controls (P 5 0.074). The intensity of the epithelial stain-
ing varied in areas and gave a pattern of a more or less
patchy reaction. HLA-DR–positive crypt cells were seen
in only one IgAN patient. In the cells of lamina propria,
no difference was seen in the expression of HLA-DR
between the patients and controls. The results of HLA-
DR are presented in Figure 4.
Heat shock protein was located in the apical cytoplasm
of epithelial cells (Fig. 5). Villous epithelium showed
significantly more intense staining in the patients than
in the controls (P 5 0.019). Variation in staining intensityFig. 3. (A) Immunoperoxidase demonstration of HLA-DR in the api-
was similar to that seen in HLA-DR staining. A signifi-cal cytoplasm and along the basolateral surfaces of epithelial cells
(arrows). (B) In a control patient, no staining is present (magnification cant negative correlation (r 5 20.539, P 5 0.026) ap-
3600). peared between hsp in the cytoplasm of villous epithelial
cells and HLA-DR along the basolateral enterocyte cell
membranes. Hsp in the crypt cells did not differ between
the patients and controls. The results of the hsp studiesRESULTS
are shown in Figure 4.
In all specimens, small bowel mucosa was macroscopi-
cally and microscopically normal. The results of the pa-
DISCUSSIONtients with systemic symptoms at the time of renal biopsy
did not differ from those without symptoms. This study immunohistochemically demonstrated that
Intra-epithelial T-lymphocytes disclosed red peroxi- intraepithelial T cells of small bowel mucosa are in-
dase reaction product along the cell surfaces (Fig. 1). creased in patients with IgAN. The increase is significant
The density of gd T cells was significantly higher in IgAN in the total T-cell counts and in the proportion of cells
than in the controls (P 5 0.006). Similarly, the total bearing gd TCRs. It was also demonstrated that small
amount of T cells, as indicated by CD3 positivity, differed bowel epithelial expression of HLA-DR antigen and
significantly (P 5 0.015) from the controls. Also, the ab GroEL-type hsp are significantly increased in IgAN. De-
spite these findings, IgAN patients disclosed normalT-cell counts were slightly higher in the patients (P 5
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Fig. 4. Staining intensities of HLA-DR along
the basolateral surfaces of enterocytes and
heat shock protein (hsp) in the cytoplasm of
villous epithelial cells. Medians are indicated
by horizontal lines.
tation of IgAN or the progression of the renal disease
(data not shown).
Olive et al have reported that small bowel gd T cells
are decreased in IgAN [27]. They used reverse transcrip-
tase-polymerase chain reaction to demonstrate RNA ex-
pression of the gd TCR. We used immunohistochemical
staining of the constant region of TCR d1 chain, which
should reveal virtually all gd T cells. Because of method-
ological differences, it is difficult to compare these dis-
crepant results. Differences in the clinical background
of the patient materials are no doubt one potential source
of variation. In our study, two patients also had remark-
ably low gd T-cell counts. On the whole, however, small
bowel gd T-cell counts were not in the same range as
that seen in CD and DH, where gd T cells are at a
prominently high level regardless of intestinal morphol-
ogy [25].
Fig. 5. (A) Immunoperoxidase demonstration of GroEL-type heat
Small bowel HLA-DR expression of our IgAN pa-shock protein in the apical cytoplasm of enterocytes (arrows). (B) In
a control patient, only faint staining can be seen in a few cells (arrow; tients was significantly enhanced along the basolateral
magnification 3600). surfaces of the epithelial cells. In the cytoplasm of normal
enterocytes, HLA-DR is known to be present in small
amounts [11], but no reports have been published of
MHC class II expression in IgAN. Instead, up-regulationsmall bowel morphology, which is in line with the results
has been described to occur in a variety of gastrointesti-of previous studies [2, 3].
nal inflammatory diseases [10, 11]. For instance, in latentA small bowel mucosal increase in gd T cells has been
CD, up-regulation can also be seen in specimens withshown to occur in CD and in dermatitis herpetiformis
normal small bowel morphology [12].(DH) [25, 26]. In IgAN, it has been shown that the
Surface expression of MHC class II molecules in en-proportion of peripheral blood gd T cells is increased
terocytes can be induced by interferon-g (IFN-g) [28],[8]. In renal tissue, an increase in gd T cells has been
the production of which has been shown to be increasedobserved in progressive diseases as well [9]. In these
in IgAN [29, 30]. Glomerular expression of HLA classpatients, however, small bowel gd T-cell counts did not
correlate with clinical findings, that is, the initial presen- II molecules has been shown to correlate with the serum
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levels of IFN-g [31]. Because IFN-g is the major cytokine going inflammation is present in the small bowel of the
patients with IgAN. The production of hsp GroEL fur-regulating MHC class II expression [32], it may be as-
sumed that IFN-g is also responsible for the up-regula- ther suggests that small bowel epithelial cells are under
stress. Despite normal morphology, there is reason totion of intestinal HLA-DR [10, 28, 33] in IgAN. The
source of IFN-g in IgAN, however, remains to be clari- believe that the small bowel mucosa is involved in the
fied by future studies. pathogenesis of IgAN.
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